ABSTRACT A dose-response experiment with 8 supplemental vitamin A levels (0, 500, 1,000, 1,500, 2,500, 3,500, 7,000, and 14,000 IU/kg) were conducted to examine the effects of vitamin A on growth performance and tissue retinol of starter White Pekin ducks. A total of 512 one-day-old male Pekin ducks were randomly divided into 8 treatments and each treatment contained 8 replicate pens of 8 ducks. All these ducks were reared in raised wire-floor pens from hatch to 21 D of age. At 21 D of age, growth performance and retinol concentration in plasma and liver were measured. Among all ducks, the birds fed basal diet with no supplemental vitamin A had the lowest weight gain, feed intake, and plasma and liver retinol (P < 0.05). As supplemental vitamin A increased, weight gain and feed intake increased quadratically (P < 0.05) and plasma and liver retinol increased linearly or quadratically (P < 0.05). The weight gain and plasma retinol showed broken-line response to increasing supplemental vitamin A (P < 0.05). According to broken-line regression, the minimum supplemental vitamin A requirements for weight gain and plasma retinol were 2606 and 4371 IU/kg, respectively. It was concluded that vitamin A deficiency could lead to a reduction in growth performance and tissue retinol retention and plasma or liver retinol was available biomarker to assess duck vitamin A status.
INTRODUCTION
Vitamin A is lipid-soluble vitamin and it is required for vision, reproduction, and maintenance of epithelial barriers and immunity (Edem, 2009) . Vitamin A do not exist in plant but carotenoid pigments in plant could be converted into vitamin A, although vitamin A equivalency of carotene was very low (Van Loo-Bouwman et al., 2014) . In chicks, carotene could be converted to vitamin A in liver and intestine (Olsen et al., 1959; Sibbald and Hutcheson, 1959) . However, when plantsource feedstuffs were used as the sole feed source, the vitamin A amount of conversion obtained from carotene may be too small to support poultry growth (Harvey et al., 1955; Olsen et al., 1959) . In mallard ducks, when these birds were fed all-grain diets without synthetic vitamin A supplementation, the lesions of squamous metaplasia caused by vitamin A deficiency were developed and it was accompanied with low hepatic vitamin A (Honour et al., 1995) . Therefore, considering that poultry diet was mainly comprised of plant-derived poultry feedstuffs, supplementation of crystalline Vita-C 2018 Poultry Science Association Inc. Received July 3, 2018. Accepted December 18, 2018. 1 Corresponding author: houss@263.net min A (mainly retinyl acetate or palmitate) in poultry diets becomes unavoidable under such circumstances.
At present, although the vitamin A recommendation (2500 IU/kg) of starter or growing White Pekin ducks was provided by NRC (1994), this value was an estimate based on values obtained for other ages or species and thus no cited references were documented for this data. Until now, no information on vitamin A requirement of modern White Pekin ducks was published. Furthermore, continued increase in poultry performance dictates the need for continual reevaluation of dietary vitamin specification (Leeson, 2007) and some vitamin requirements including choline, riboflavin, biotin, and vitamin E of modern starter White Pekin ducks were updated (Zhu et al, 2012; Tang et al., 2013; Wen et al., 2014; Xie et al., 2018) . Therefore, the objective of our study was to investigate the effects of vitamin A on growth performance and tissue retinol of starter White Pekin ducks and to discuss the requirements of this vitamin for these ducks.
MATERIALS AND METHODS
All procedures of our experiment were approved by animal care and welfare committee of our institute. Dose-response experiment was conducted with 1-dayold male White Pekin ducks. The basal diet was free 2189 of vitamin A and was low inβ-carotene (Table 1) . Experimental diets were formulated to be 0, 500, 1000, 1500, 2500, 3500, 7000, and 14,000 IU vitamin A/kg by supplementing the different amounts of retinyl acetate (500,000 IU/g) to basal diets. Retinyl acetate was purchased from Guangdong Applon Technology Co. Ltd (Guangzhou, Guangdong, China). According to similar pen weight, a total of 512 one-day-old male pekin ducklings were randomly allocated into 8 dietary treatments and each treatment contained 8 replicate pens of 8 birds. These ducks were kept in raised wire-floor pens. During this period, water and feed were provided ad libitum and lighting was continuous. The temperature was kept at 33
• C from 1 to 3 D of age and then it was reduced gradually to room temperature until 21 D of age. The analyzed supplemental vitamin A concentrations in the 8 experimental diets were 0, 471, 951, 1422, 2395, 3392, 6642, and 13,538 IU/kg according to the method recommended by the Standardization Administration of China (2010), which were close to the calculated vitamin A values.
At 21 D of age, weight gain, feed consumption and feed/gain of ducklings from each pen were measured. Afterwards, two ducks were selected randomly from each pen and bled by cardiac puncture. Blood samples were collected into heparin sodium-anticoagulant tubes and centrifuged at 3000 rpm for 10 min to obtain plasma. Plasma was kept at -20
• C until analysis. Afterwards, these selected birds were killed by CO 2 asphyxiation and livers were collected. Plasma and liver retinol were all determined using reversed phase high performance liquid chromatography (2695 Alliance, Waters, USA) with ultraviolet detection according to the method of Talwar et al. (1998) . Chromatographic separation was achieved on an Atlantis T3 column (150 × 4.6 mm) (Waters, USA). The mobile phase was 98% methanol and the ultraviolet quantification was performed with a wavelength of 326 nm.
Data were analyzed as a completely randomized design by one-way ANOVA procedure of SAS software (SAS Institute, 2003) . The linear and quadratic polynomial contrasts were also performed to determine the effect of supplemental vitamin A on duck performance. The variability in the data was expressed as the standard error of the means (SEM) and a probability level of P < 0.05 was considered to be statistically significant. In our study, broken-line regression analysis (Robbins et al., 2006) was used to estimate the minimum supplemental vitamin A requirement of growing ducks using the NLIN procedure of SAS software (SAS Institute, 2003) and the broken-line model was as follow:
where y = weight gain, x = supplemental vitamin A level (IU/kg), r = minimum supplemental vitamin A requirement, l = the response at x = r, u = the steepness of the curve. In this model, y = l when x > r.
RESULTS AND DISCUSSION
In our study, the basal diet contained 0.64 mg betacarotene/kg diet and it was equal to 1067 IU vitamin A/kg diet (NRC, 1994) . Although beta-carotene could be converted to vitamin A, the amount obtained from conversion was too small to meet chick need for this vitamin (Harvey et al., 1955; Olsen et al., 1959) . Therefore, the supplementation of crystalline vitamin A in diets is necessary to support poultry growth and supplemental vitamin A levels were highlighted in our study.
Growth depression and xerophthalmia (Figure 1 ) was the clinical symptom of vitamin A deficiency in ducks in our study and the growth depression may be due to the blindness caused by xerophthalmia. Fortunately, xerophthalmia could be avoided by supplementation of vitamin A in diets regardless of the supplemental levels. Among all ducks, the birds fed basal diet with no supplemental vitamin A had the lowest weight gain (P < 0.05, Table 2 ). Although growth depression was not reported in previous duck study (Rigdon, 1946; Honour et al., 1995) , the reduced growth was also observed in chicks fed none and low vitamin A diets (Sklan et al., 1994; Lessard, et al., 1997) . Furthermore, the weight gain and feed intake were improved quadratically by increasing supplemental vitamin A levels gradually (P < 0.05, Table 2 ). However, when supplemental vitamin A was above 2500 IU/kg, the response of weight gain to increasing vitamin A was diminishingreturn and it reach a plateau, which fitted to brokenline pattern (P < 0.05, Table 2 ). Similar growth response to increasing vitamin A was also observed in chicks (Ringrose and Norris, 1936; Donovan, 1965) and broken-line regression had already been used to estimate minimum vitamin A requirement in lambs (May et al., 1987) . Therefore, the minimum vitamin A requirement of starter ducks was estimated by broken-line regression and the value for weight gain was 2606 IU/kg according to this regression (y = 48.6 -0.0012 × (2606-x)), R 2 = 0.702). Our estimated requirement was slightly higher than the vitamin A recommendation (2500 IU/kg) of NRC (1994) for White Pekin ducks from 0 to 2 wk of age, which suggested that the data of NRC (1994) was still adequate for modern duck strains. Our results were also supported by early chick results in which the body weight was not raised markedly when dietary vitamin A increased from 2645 to 7935 IU vitamin A/kg diet (Panda et al., 1964) .
On the other hand, like other species (Tanumihardjo, 2004) , tissue retinol was also available biomarker to assess duck vitamin A status and the retinol concentrations of plasma and liver increased linearly or quadratically as supplemental vitamin A increased (P < 0.05, Table 2 ). Although tissue retinol was dependent on dietary vitamin A levels, liver retinol was more cumulative than plasma retinol because liver retinol did not fit into broken-line pattern as supplemental vitamin increased and similar results was observed in chicks by Sklan et al. (1994) who found that there existed a plateau for plasma retinal and not for liver retinol. In captive mallards, serum retinol levels below 300 μg/l were useful to detect vitamin A deficiency (Honour et al., 1995) . In our study, ducks fed basal diet with no supplemental vitamin A had 64 μg retinol/l plasma and the plasma retinol went beyond 300 μg/l when 2500 IU/kg or above vitamin A was supplemented to basal diets (Table 2) , which also supported the availability of the supplemental vitamin A requirement for growth (2606 IU/kg) estimated by us. Furthermore, the response of plasma retinol to increasing vitamin A was similar to the growth response and both fitted to the broken-line pattern. However, plasma retinol reached a plateau when supplemental vitamin A was above 3500 IU/kg (Table 2) and it was much later than weight gain in our study, which was in agreement with the results in chicks (Sklan et al., 1994) . According to broken-line regression (y = 0.5375 -0.00011 × (4371-x)), R 2 = 0. 962), the minimum vitamin A requirement for plasma retinol was 4371 IU/kg and this value was about twice higher than the estimated vitamin A requirement for weight gain (2606 IU/kg), which was supported by the results in rats in which optimal growth and blood retinol concentrations occurred at 25 and 50 units daily vitamin A intake, respectively (Lewis et al., 1942 ).
In conclusion, vitamin A deficiency could lead to growth depression and low tissue retinol. According to broken-line regression, the minimum supplemental vitamin A requirements of start White Pekin ducks from hatch to 21 D of age were 2606 IU/kg for weight gain and 4371 IU/kg for plasma retinol. The plasma or liver retinol was dependent on dietary vitamin A level and they were available biomarkers to assess duck vitamin A status.
